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In a recent contribution to this journal [l] (hereinafter referred to as 
RRT), a re-examination of the connection between the field theoretic and the 
Feynman descriptions of quantum mechanical collision processes was made, 
leading to a new and simpler proof of the equivalence of the two formalisms. 
Therefore it seems surprising why elaborate arguments and notations were 
necessary, particularly through the introduction of normal products and the 
application of Wick’s theorem [2], for proving the equivalence which is 
almost transparent without recourse to such methods. We shall in this note 
prove that if the concept of “typical sequence of events” used by RRT is 
applied to Wick’s procedure, we obtain the same simplification. 
We shall first briefly recall Wick’s procedure of reducing the S-matrix, 
which contains the chronological product of operators into normal products. 
The first step is to replace the chronological operator P which occurs in the 
S-matrix, 
s = 2 (- i>” ; jl” dx, *.* j’” d& P(H,(x,) . . . H&J) 
7k” . 13 -m 
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* Any views expressed in this paper are those of the authors. They should not be 
interpreted as reflecting the views of The RAND Corporation or the official opinion 
or policy or any of its governmental or private research sponsors. Papers are reproduced 
by the RAND Corporation as a courtesy to members of its staff. 
t Permanent address: Institute of Mathematical Sciences, Madras, India. 
r Temporary Member, The Institute of Mathematical Sciences, Madras, India. 
345 
346 WAKRISHNAN, VENKATESAN AND DEVANATHAN 
by the time-ordered product T of Wick, the two being the same in the 
conventional theories since the fermion operators which alone may cause a 
relative sign between P and T products occur in bilinear combination. The 
time-ordering fixes the relative positions of the interaction Hamiltonian 
densities, HI(x), in the integrand of the S-matrix, but HI which itself is a 
product of annihilation and creation operators has to be arranged in the 
normal product form, i.e., with creation operators to the left of destruction 
operators. 
The motivation for defining such a normal product stems from the pro- 
perty that its vacuum expectation value is zero. Also the introduction of the 
normal product in HI will remove a difficulty regarding the definition of the 
current operator in electrodynamics pointed out by Heisenberg, viz., the 
infinity obtained for the vacuum expectation value of the current operator 
Yu = $64 Yu$( x considered as the limit of $(x) y&(x’) as x’ + X. This 1 
infinity in the vacuum expectation value for the current is attributed to the 
negative energy sea and it can be overcome by symmetrizing the theory in 
particle and antiparticle variables and defining the current density four- 
vector in the normal product form. We shall show that this consideration 
does not in any way enter the discussion in a scattering process where the 
reduction will always comxrn operators belonging to different times, and in 
such a case the procedure suggested by RRT using the conventional Hamil- 
tonian is identical with that using HI defined in normal product form. 
The fundamental lemma used by Wick is 
T(W) = N(W) + riv 
where U and V are two field operators and T and N represent Wick’s chrono- 
logical and the normal product operators respectively. Writing H,(x) in the 
normal product form, we find the integrand of the S-matrix to involve mixed 
T products which can be expressed by means of Wick’s theorem as a sum of 
normal products with all possible contractions (omitting of course the 
contractions between factors already in normal product form.) 
Each normal product corresponds to a Feynman diagram in configuration 
space. For a given initial and final state, there is one and only one type of 
normal product which has nonvanishing matrix element between the given 
states. This normal product reduces to a product of propagators and the 
normal product of operators to be matched with the initial and final states, 
yielding the initial and final state wave functions. 
It is to be noted that Wick’s method is quite general and the reduction 
into normal products is made without reference to any specific process with 
given initial and final state. RRT have emphasized that all the algebraic 
techniques involved in the method of Wick can be avoided and the procedure 
much simplified by specifying the initial and final state from the beginning 
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itself. They do not work with the field operators but with their components, 
i.e., the annihilation and creation operators with their wave functions, and 
consider a “typical sequence” which contributes a nonvanishing term to the 
matrix element and then sum over all momenta to get the respective propaga- 
tors corresponding to the intermediate states. Of course, the integral over 
spacetime of the nonvanishing term corresponding to a typical sequence will 
vanish if energy and momenta are not conserved for the process. The proce- 
dure consists therefore in building up the propagator from the nonvanishing 
constituents of the integrand of the S-matrix rather than picking out the 
nonvanishing matrix element from a general reduction of an nth order product 
of field operators. No use, however, is made of the normal product 
form for HI. This does not lead to any discrepancy since we can now demon- 
strate that it is without consequence whether we take HI in the conventional 
or normal product form. 
We shall now proceed to show that the method of matching prescribed in 
ref. 1 is identical with the procedure of Wick provided we take only the 
nonvanishing term in the latter. Following RRT the integrand of the S-matrix 
taken between the initial and final states can be written as 
(f\ [n] ... [Z] ... [k] ... [j] ... [l] ] i) 
for a typical realization of the time ordered sequence of operators with 
definite momentum labels. For simplicity we shall consider the one-particle 
initial and final states defined by 
I i J=+ = a+(A) I >o and If> =u+(pa)/ >o. 
In (3) each bracket contains 
which-leaving aside for the present the interaction potential which is not 
relevant for the discussion-is the integrand of H, with definite momentum 
labels. Explicitly 
d(p) = -&= u(p) u(p) ecipx, 
9 
(5) 
and similarly each creation and annihilation operator is accompanied by its 
corresponding wave function. The creation operator a+@,) which, operating 
on the vacuum, gives the initial state has to be matched with the corresponding 
annihilation operator a(pl) having the same momentum label which for the 
particular realization may occur in the Kth bracket. Looking at the structure 
of the interaction (4), we find that this annihilation operator u@i) may be 
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accompanied either by a”+@‘) or &Y) w ic h h in turn has to be matched with 
the corresponding annihilation or creation operator as shown by RRT. 
It may be pointed out that the process of matching a b(p’) in any bracket 
with b+(p’) in an earlier bracket yields a negative sign since we have to cross a 
b(p) or an u+(p) which is the left hand side partner of b+(p’). On the other 
hand, in Wick’s procedure the negative sign is already fed in by writing HI 
in normal product form; i.e., in a typical term of HI, b+(f) occurs to the 
left but has a negative sign attached. This process of matching is continued 
until all the annihilation and creation operators in the integrand of the 
S-matrix are exhausted except the creation operator u+(pa) which for the 
particular realization may occur in the Zth bracket. This has to be matched 
with the annihilation operator a&) in the final state. The matching of all 
intermediate operators (leaving aside the operators u+(pJ and u&J corres- 
ponding to initial and final states) corresponds, in Wick’s procedure, to 
contracted pairs, and the matching of u+(pJ and u(p.J actually yields the 
initial and final state wave functions which are obtained in the method of Wick 
from the uncontracted field operators in the nonvanishing normal product 
when taken between the initial and final states. 
Thus we see that the method of RRT is equivalent to taking the non- 
vanishing “typical terms” of the normal product between the initial and final 
states in Wick’s procedure. All we need to employ in this simplified method is 
the commutation relations between the annihilation and creation operators 
without evaluating the commutation relations of the field variables in which 
case one is forced to consider not the spinors themselves but their e1ements.l 
In earlier papers, Ramakrishnan and Ranganathan [3,4], using stochastic 
arguments, postulated the following interaction term: 
a”+a” + a+&+ + bs + b+h. 
But when matching an a in some bracket with a+ of the initial state, it is 
assumed that the partner of a is moved with it or, in other words, the entire 
bracket containing a is brought in juxtaposition to the initial state, ignoring 
all intermediate brackets. If b is the partner of a, it will now be to the right of 
the bracket containing the corresponding bf which is to the left of its 
partner therein. In matching it with b we have to cross that partner and this 
generates a negative sign, and then we set b+b = 1 when it operates on the 
vacuum by interpreting b+b as ua+ with opposite energy and momentum. 
1 If we have row and column vectors, it is possible to get a number by multiplying 
pairs of row and column vectors. If we wish to rearrange them to again get a number, 
this can be done by moving them pairwise or writing the product as a sum of the 
products of the elements of these vectors and interpreting them as the product of a 
new sequence of row and column vectors. 
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In this procedure, the wave functions can be carried “on the shoulders” of 
the operators, while in the method of RRT, the operators have to be moved 
separately from the spinors or, equivalently, only the elements of the spinors 
can be carried with the operators as in Wick’s procedure. The choice 
between the various procedures is therefore a matter of taste, the only 
simplification being that we work with a typical realization of the integrand 
of the S-matrix, i.e., with annihilation and creation operators and not with 
field variables. 
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